Marey (1863) introduced a graphic method of recording the apex beat and showed that the main systolic impulse was immediately preceded by a small wave due to atrial systole. Potain (1875) found that the atrial systolic wave was greatly increased in hypertensive heart disease, that it could be palpated, and was usually associated with a presystolic (fourth) heart sound. Barlow and Kincaid-Smith (1960) , Grayzel (1960) , and Parry and Mounsey (1961) have recently drawn attention to the presence of a palpable atrial impulse at the apex in hypertensive heart disease. Large palpable atrial waves giving rise to a double apical impulse have also been described in hypertrophic obstructive cardiomyopathy and they have been demonstrated graphically by means of the apex cardiogram (Boiteau and Allenstein, 1961; Benchimol, Legler, and Dimond, 1963; Cohen et al., 1964; Braunwald et al., 1964; Wigle, 1964; Tafur, Cohen, and Levine, 1964;  Wolfe, 1966; Nagle et al., 1966) .
We have also been impressed by the readily palpable atrial impulse in both obstructive and nonobstructive cardiomyopathy. In our experience a palpable atrial impulse is also a relatively common finding in other types of left ventricular disease, particularly in aortic stenosis and aortic regurgitation. Since it is an easily detectable physical sign we felt it worth while to assess its significance.
The purpose of this paper is to examine the relation between left heart pressure, the "A" wave of the apex cardiogram, and palpation of the apex beat in a group of patients with left ventricular disease. This study is confined to patients with aortic valve disease and cardiomyopathy.
PATIENTS AND METHODS A total of 66 patients forms the main basis of this study and they are subdivided as follows.
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(1) Aortic Stenosis-29 patients (25 valvar; 3 subvalvar; 1 supravalvar).
(2) Aortic Stenosis and Regurgitation-10 patients.
(3) Aortic Regurgitation-12 patients.
(4) Cardiomyopathy-15 patients (10 obstructive; 5 idiopathic).
All the patients were in normal sinus rhythm, and mitral valve disease was excluded on the basis of clinical, haemodynamic, and operation findings. A full clinical examination and routine radiological and electrotardiographic studies were carried out on each patient. Special attention was paid to palpation of the cardiac impulse. The character of the main systolic impulse was noted, and a presystolic atrial beat was specifically sought for, with the patient lying on the left side. Third and fourth heart sounds were carefully listened for during auscultation.
A complete phonocardiographic study was done on each patient, and apex cardiograms were recorded by methods previously described (Coulshed and Epstein, 1963) . Special care was taken to ensure that the piezoelectric crystal microphone used for recording the apex cardiogram had an adequate time constant ( > 1 0 second), as described by Roberts and Jones (1963) .
The height of the "A" wave of the apex cardiogram was measured from its onset to its peak and expressed as a percentage of the total amplitude of the tracing (Fig. 1) , as described by Benchimol and Dimond (1962) . Between 3 and 6 complexes were measured and an average figure was derived.
Combined right and left heart catheterization was performed for diagnostic purposes in all patients. Left atrial and left ventricular catheterization was performed by transseptal puncture of the atrial septum. A second catheter was inserted percutaneously into the femoral artery and passed to the aortic root and, where possible, into the left ventricle.
Pressures were recorded with the breath held in partial expiration using equisensitive induction manometers and a multichannel oscilloscopic recorder (Cambridge Instrument Company). The zero baselines were set at 5 cm. below the sternal angle. (ECG) . "A" is the atrial systolic wave: "0" occurs at the time of opening of the mitral valve: "F" is the end of rapid early filling: "H" is the total height of the apex cardiogram from point "0" to peak. "a" is the height of the "A" wave measured from its onset to peak. The (Harrison, Coghlan, and Prieto, 1961) , the apex cardiogram (Benchimol and Dimond, 1962) , or the impulse cardiogram (Beilin and Mounsey, 1962) .
The "A" wave of the apex cardiogram is due to displacement of the wall of the left ventricle in late diastole by left atrial systole (Mackenzie, 1902) . It appesrs early if the P-R interval is prolonged, it is dissociated from the ventricular complexes in complete heart block, and it disappears with the onset of atrial fibrillation (Coulshed and Epstein, 1963) . with the fourth heart sound (see Fig. 9 and 12), and follows the P wave of the electrocardiogram at a definite time interval (Hartman and Snellen, 1960) . Simultaneous records of left atrial or left ventricular pressure with the apex cardiogram show that the intracardiac " a" wave pressure pulse coincides with the "A" wave of the apex cardiogram (Fig. 6 ). Benchimol and Dimond (1962) first drew attention to the increase in left ventricular end-diastolic pressure or pulmonary capillary wedge pressure in association with tall "A" waves on the apex cardiogram in patients with arteriosclerotic heart disease, and similar observations were made by R6rvik *(1963). Exercise increased both left ventricular end-diastolic pressure and the amplitude of the "A" wave of the apex cardiogram (Dimond and Benchimol, 1963) .
Tall "A" waves have been demonstrated by apex cardiography in patients with obstructive cardiomyopathy (Benchimol et al., 1963; Wigle, 1964; Braunwald et al., 1964; Tafur et al., 1964; Wolfe, 1966; Nagle et al., 1966) and also in aortic stenosis Braunwald, 1962: Tafur et al., 1964; Tavel et al., 1965; Wolfe, 1966 hypertophied (Cobbs, Shillingford, and Steiner, 1957) . Symptoms of left heart failure in left ventricular disorders imply that left atrial pressure is increased, and this has been confirmed by cardiac catheter studies (Selzer and McCaughey, 1960) .
Tall left atrial "a" waves due to increased vigour of left atrial contraction have been shown by direct measurement of left-sided heart pressures in various types of left ventricular disease (Braunwald and Frahm, 1961 contribution of atrial systole to filling may therefore be increased (Braunwald et al., 1963) . The findings in this study show that a large apex cardiogram "A" wave (a/H ratio) is usually associated with a rise in left ventricular end-diastolic pressure (Fig. 2) , left atrial peak "a" wave pressure (Fig. 3) , and left atrial "a" wave pulse pressure (Fig, 4) . Although there is a positive correlation between the a/H ratio of the apex cardiogram and peak'left atrial "a"3 wave pressure when they are recorded simultaneously, it is not a very close relation (Fig. 5) . This is not surprising since the apex cardiogram primarily reflects changes in volume rather than changes in pressure. Studies of left atrial volume changes in two of our patients with aortic stenosis (No. 5 and 29) showed that about half of atrial emptying was passive and that half was due to atrial systole (Fig. 8) . These findings are similar to those reported by Gribbe et al. (1959) in dogs. If these observations on passive and active atrial function are applied to the data of Grant et al. (1964) , then atrial systole contributes about 10 per cent of left ventricular stroke volume in normal subjects and 20 per cent in patients with aortic stenosis. We have not studied any normal subjects but our findings in aortic stenosis are similar to those of Grant et al. (1964) (Table IV) . There is, therefore, an increased left atrial contribution to ventricular ffiling in patients with left ventricular disease.
Apex Cardiogram and Palpation of "A" Wave. The a/H ratio in normal subjects measured 7 per cent ± 2 25 per cent. These findings are similar to those of Benchimol and Dimond (1962) (7-8% +1.4%) and of Rios and Massumi (1965) The phonocardiogram shows an anacrotic carotid pulse with a mid-systolic ejection murmur and a fourth heart sound (S4) coinciding with the "A" wave of the apex cardiogram.
The "A" wave cannot be palpated in normal subjects because of its small amplitude. In left ventricular disease disordered left ventricular function imposes a haemodynamic burden on the left atrium and the "A" wave increases in size and may become palpable (Fig. 9) . Whether it becomes palpable or not depends on several factors. The configuration of the chest wall is dearly of great importance. Heavy musculature, obesity, large breasts, and emphysema mnake it difficult to feel. Palpation in the left lateral position may help by allowing closer contact between the heart and the chest wall.
-If the P-R interval is short and left atrial systole is prolonged, ventricular contraction may begin towards the end of atrial systole before atrial relaxation has commenced. The peak of the "A" wave then merges with the upstroke of the apex cardiogram, and it may be difficult to palpate since it is not sufficiently separated from the ventricular systolic impulse (Fig. 10) . This occurred in 5 of our patients and the "A" wave was not palpable in 2 of them despite its large size. Occasionally the systolic apical thrust has a bifid form, especially, but not exclusively, in obstructive cardiomyopathy. A double impulse may then be palpable and the first component mistaken for a large "A" wave (Fig. 11) . In some patients it is even possible to feel 3 impulses, i.e. the "A" wave and the bifid systolic impulse. Hg. The apex cardiogram shows a large "A" wave and a double systolic impulse; a/H ratio 28 per cent. Two impulses were palpable at the apex. It was not possible to determine which two of the three systolic waves were palpable. The phonocardiogram shows a mid-systolic ejection murmur and an anacrotic pulse.
Rapid early filling may sometimes produce a palpable filling wave coincident with a third heart sound. This was largely confined in this series to patients with left ventricular failure. Since palpation is a subjective technique we have attempted to minimize observer error by using the clinical findings of at least 2 observers. Allowing for possible errors, there was a good correlation between a tall "A" wave on the apex cardiogram and its palpability (Fig. 7) . In all but 2 of our patients an a/H ratio of 14 per cent or more was associated with a palpable atrial impulse. One of these patients (No. 8) had a short P-R interval, with the "A" wave closely applied to the main systolic impulse (Fig. 10) . The other patient (No. 62) had an abnormal thoracic wall with a virtually impalpable apex beat. Three patients had a palpable atrial impulse with a normal a/H ratio: 1 of them had a double systolic impulse and the first component may have been mistaken for a large "A" wave; we are unable to explain the nornml a/H ratio in the other 2 patients.
Though large "A" waves can be detected by palpation, attempts at finer discrimnination were unsuccessful and we could not reliably distinguish between moderate or marked increases in the size of the "A" wave.
Apex Cardiogram and Left Heart Pressures. There are few studies of left atrial pressure in normal subjects. Braunwald et al. (1961) studied 18 normal subjects and found an average left atrial peak "a" wave pressure of 10-4 mm. Hg (range: 4-16 mm. Hg) and an average "a" wave pulse pressure of 3-4 mm. Hg (tange: 1-7 mm. Hg). Samet et al. (1965) .found a left atrial peak "a" wave pressure in 32 normal subjects of 11 mm. Hg (range: 7-16 mm. Hg), using a lower zero manometer setting. In our experience it is unusual to find a normal left atrial peak "a" wave pressure exceeding 10 mm. Hg and an "a" wave pulse pressure of more than 3.5 mm. Hg. We therefore consider that a peak "a" wave pressure of 12 mm. Hg or more, and an "a" wave pulse pressure of more than 5 mm. Hg should both be regarded as abnormal.
Although left ventricular end-diastolic pressure and left atrial "a" wave pressure showed a tendency to rise as the a/H ratio increased, the correlation was poor (Fig.. 2, 3, and 4) . However, the apex cardiograms and clinical examination were performed with the patients resting quietly, whereas during catheter studies the patients were sedated and in a basal state. The different circulatory conditions in these two situations might explain an abnormal a/H ratio at the bedside and normal left heart pressures at cathetenrzation. In fact 7 of 10 patients with a low resting peak left atrial "a" wave pressure and an increased a/H ratio showed a rise in left atrial pressure with the increase in cardiac output following angiography.
Simultaneous records of left heart pressures with the apex cardiogram show a positive correlation between the a/H ratio and the peak left atrial "a" wave pressure (Fig. 5) . An a/H ratio of 14 per cent or more was always associated with a peak "a" wave pressure of at least 12 mm. Hg. When the a/H ratio was 20 per cent or more the peak "a" wave pressure exceeded 20 mm. Hg.
A group of 15 patients with severe left ventricular disease has been studied, consisting of 8 (Short, 1956; Selzer and McCaughey, 1960 Benchimol, 1963; Tavel et al., 1965; Rios and Massumi, 1965 Relation of Atrial Impulse to Fourth Heart Sound. Table V compares the presence or absence of a palpable atrial impulse with the fourth heart sound on auscultation. Phonocardiographic studies showed occasional differences from the auscultatory findings. There were 49 patients with a palpable "A" wave, and 39 of these had an audible fourth heart sound. Only 3 patients had an audible fourth heart sound without a palpable atrial impulse. In 6 of the 10 patients with a palpable "A" wave and no audible fourth heart sound, the phonocardiogram did in fact demonstrate a fourth heart sound. These findings show the close relation that exists between the apical atrial impulse and the fourth heart sound. Benchimol and Dimond (1962) found a similar association in ischaemic heart disease. The same haemodynamic disturbance probably underlies both phenomena. The palpable "A" wave is direct evidence of a disturbed pressurevolunie relation in the left ventricle. The fourth heart sound, on the other hand, bears a secondary relation to the haemodynamic disturbance, since there are many other factors that determine whether an audible sound develops.
It is of interest that Potain (1875), who described the presystolic (fourth) heart sound in hypertension, also noticed the accompanying presystolic atrial thrust by direct auscultation.
The atrial impulse is an easier physical sign to recognize than a fourth heart sound because of the low frequency of the sound. This especially applies in aortic stenosis when it may be difficult to distinguish between a fourth heart sound, a first heart sound, and a systolic click when all 3 are present (Fig. 12) . A loud systolic murmur adds to this difficulty, since it impairs the ability of the ear to detect low-pitched sounds.
In aortic stenosis a large atrial impulse was of great value in assessing the severity of the obstruction, and our findings are similar to those of Tavel et al. (1965) . If the a/H ratio was above 15 per cent or the atrial impulse was palpable, the systolic gradient was at least 75 mm. Hg, with only one exception (Fig. 13) . These -findings also agree closely with those of Goldblatt et al. (1962) and Caulfield, Perloff, and deLeon (1967) . . . . . . . . . . . . . . . . . . . . . . . . t group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from 4Epstein, Coulshed, Brown, and Doukas usually be palpated. Although a large apex cardiogram -"A" wave is most frequent in cardiomyopathy it is also a relatively common finding in aortic valve disease. A large "A" wave will, therefore, not differentiate between obstructive cardiomyopathy and aortic valve stenosis.
Cine-angiographic studies in left ventricular disorders show that there is an increased left atrial stroke volume and that left atrial systole is responsible for a larger proportion of the diastolic filling of the left ventricle as compared to the normal.
The increased left atrial stroke volume is usually associated with a rise of left atrial pressure because of the altered distensibility characteristics (compliance) of the left ventricle.
A positive relation exists between the size of the "A" wave on the apex cardiogram (a/H ratio) and the left atrial pressure. A large a/H ratio or a palpable atrial impulse implies an increase in the left atrial pressure above normal. An a/H ratio of 20 per cent was always associated with a peak left atrial "a" wave pressure of 20 mm. Hg or more.
A palpable atrial impulse is usually associated with a fourth (atrial) heart sound and both phenomena have similar haemodynamic significance.
In aortic stenosis a large a/H ratio or a palpable atrial impulse suggests that the stenosis is severe and that the systolic gradient is 75 mm. Hg or more. The converse does not apply.
A palpable atrial impulse in a patient with left ventricular disease excludes significant associated mitral stenosis.
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